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Abstract 

By analyzing the structure of the Weyl spinor field in 
the Clifford bundle formalism we show that in each 
spinorial frame it is represented by G sec{/\^T*M+ 
/\^T*M + /\^T*M) ^ secCe{M,g) satisfying the 
equation dJ^ — 0, where d is the Dirac operator act- 
ing on sections of the Clifford bundle C£{M, g). With 
this result we show that introducing a generalized po- 
tential {A + 75B)Gsec(A^T*M + f\^T*M) ^ 
secCi{M,g) for the Weyl field such that F ^dA\i 
is possible to exhibit superluminal solutions (includ- 
ing one with a front moving at superluminal speed) 
for Weyl equation, which surprisingly describes the 
propagation of a massive tachyonic neutrino. We pro- 
pose to interpret these extraordinary solutions in or- 
der that eventually they may serve as possible models 
for the emission process and propagation of the su- 
perluminal neutrinos observed at the OPERA exper- 
iment. Moreover, complementing this study we show 
that general local chiral invariance of Weyl equa- 
tion implies that it describes for all solutions that 
are eigenstates of the parity operator a pair of 'sub- 
particles' carrying opposite magnetic charges (thus 
possibly carrying a small magnetic moment) which 
thus interact with an external electromagnetic field. 
Even if at the Earth's electromagnetic field the effect 



may result negligible, eventually the idea may be a 
useful one to study neutrinos leaving the electromag- 
netic field of stars. 



1 Introduction 

In this paper we show that Weyl equation that was 
originally thought to describe the propagation at the 
speed of light of massless neutrinos has also some non- 
trivial suhluminal and superluminal solutions that 
simulate the propagation of a particle with non zero 
rest mass, respectively at subluminal and superlu- 
minal speeds. We even exhibit a superluminal so- 
lution of Weyl equation occupying a compact sup- 
port in the direction of propagation for any instant 
of time, where its front moves at superluminal speed. 
In order to exhibit such solutions we shall need to 
show that the Weyl field when represented in the Clif- 
ford bundle formalism (used in this paper) posses a 
superpotential that satisfies the homogeneous wave 
equation. To prove this statement we need to re- 
call some mathematical result^, unfortunately not 
so well known by physicists. This is done in Sec- 
tion 2. Eventually our results will serve the purpose 
of givinga possible explanation to the OPERA ex- 
perimentjj [1] and may even explain the discrepant 
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detailed presentation of the Clifford bundle formalism 
may be found in 1351 . 

bunch of papers 'explaining' the OPERA experiment 
appeared in the arXiv in the last week, e.g., [16II17I [1811261 137) . 
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results concerning the square of the neutrino 'mass' 
in different experiments done under different circum- 
stances HHIillTlliinillllig. The authors of the 
present paper are weU aware of some criticisms to 
the OPERA experimenl[f| that range, e.g., from the 
clairrQ in [11^ that their authors do not take into ac- 
count the subtleties related to the problem of syn- 
chronization of clocks in a non inertial reference frame 
[22] to the claim that superluminal neutrinos induces 
a hremsstrahllung process {v ^ v -\- e~ -\- e"*") that 
according to Cohen and Glashow [TU] allows one to 
exclude what they called the OPERA anomaly and 
place a strong constraint on neutrino superluminal- 
ity. This claim needs a more careful analysis. Indeed, 
if superluminal particles exists, to make predictions 
involving them we need first to build a consistent field 
theory including a preferred reference frame (221 135] , 
as, e.g., in |6l [3 HI |9] . Indeed, the authors of these 
last references show that with a preferred frame it 
is possible to have not only a theory which includes 
tachyons free of causal paradoxes but also free of the 
vacuum instability problem. 

Returning to the subject of our paper, in Section 3 
we recall how to obtain easily subluminal and super- 
luminal solutions as free boundary solutions for the 
homogeneous wave equation and then use those re- 
sults to build analogous solutions for the Weyl equa- 
tion. In Section 4 we even present a superluminal 
solution for Weyl equation with a front moving at su- 
perluminal speed. In Section 5 we show how the Clif- 
ford bundle formalism used to describe Weyl equation 

We are not going to comment on all them here. 

^We want also to state that we are well aware about 
the many claims concerning superluminal propagation of mi- 
crowaves (and even single photons) 1131 1251 1361 and which has 
been the subject of many misunderstandings, since all those 
phenomena has a common simply explanation, namely pulse 
reshaping 1331 1281 and thus do not implies in any breakdown of 
the Principle of Relativity. Thus, authors do not exclude that 
results of OPERA experiment will eventually find an explana- 
tion which does not implies in any violation of the Principle of 
Relativity. 

*We find hard to believe that authors of the OPERA ex- 
periment could be so naive spending so many million dollars 
in an experiment and yet did not take into account the rela- 
tivistic effects on the proper time of the clocks used in their 
experiment. But, if the did such an elementary mistake what 
could we think of the care in the preparation of high energy 
experiments? 



naturally leads to the conclusion that local chirality 
invariance of that equation implies that the parti- 
cles which it describes must carry a magnetic charge 
which couples to the electromagnetic field. More- 
over, Weyl fields which are eigenstates of the parity 
operator describe a pair of monopole anti-monopole 
system with null total magnetic charge. This result 
may eventually be important to understand the prop- 
agation of neutrinos in the interior of stars. 

2 Mathematical Preliminaries 

To start, we suppose that all phenomena occurs in 
a manifold M ~ M^. Let {x'^} be global coordi- 
nate functions for M and let {e^ = d/dx'^} be a 
global basis for TM and {7'' — dx^^} a basis for 
T*M dual to the basis {e^}. We equip M with a 
Lorentz metric field g E sec TqM such that • := 
g{e^,e^) = 77^^ and with a field g G sec TjM such 
that ■ j'^ := (7(7^,7'^) — ri'^'^ where the matri- 
ces with entries rj^^, and t]**" are diagonal matrices 
denoted by diag(l, — 1, — 1, — 1). We introduce also 
the bases {e^} of TM and {7^} of T*M that are 
respectively reciprocal to the bases {e^} and {7''}, 
i.e., e^^ ■ By = 5'^ and j'^ ■ ji, = S^. Of course 
the manifold M is oriented by the volume element 
7^ := Tg = 707172-^3 e sec /\'*T*M and also time 
oriented (t) by d/dx^ and we recognize the pentuple 
{M,g,D,Tg,'[), where D is the Levi-Civita connec- 
tion of g as the Minkowski spacetime structure. 

In what follows we suppose that all fields involved 
in our calculations are sections or equivalence classes 
of sections of the Clifford bundle of differential formH 
Ci{AI,g). In section 4 we use for easy of calculations 
the complexified Clifford bundle C®C£{M,g). 

Covariant Dirac spinor fields, i.e., the Dirac fields 
used in books of field theories in the Clifford bundle 
formalism are represented by Dirac-Hestenes spinor 
fields [DHSF] and covariant Weyl spinor fields are 
represented by DHSF satisfying an algebraic con- 
straint to be specified below. A DHSF on Minkowski 

^Eventually for some computations it is a good idea (as is 
the case in electrodynamic) to use complex functions as the 
components of the Clifford fields. This corresponds to work in 
C(g)C£(A/,g). 
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spacetime is an equivalence class of pairs (S^j , ip^^ ) , 
where S„ is a spinorial fram^ field and V'hu ^-^^ 
appropriate sum of even nonhomogeneous multiform 
fields, 

^^^=5 + F + 75p (1) 

where S,P & sec /\°T*M ^ sec Ce(M,g) and F e 
sec f\^T*M ^ secCe{M,g). Let {T^'} be an arbi- 
trary orthonormal coframe for Minkowski spacetime 
(denoted fiducial coframe) to which we associate a 
spin frame S„q where uq = 1 is the identity element 
of Spin^; 3. Let {7''} and {7'''} be two others or- 
thonormal coframes for Minkowski spacetime with 
associated spin frames S„ and S„/ such that 

^'^^i±u)j^i±u-')^A'iY, (2) 

and where the matrix with entries is an element of 
the homogeneous orthochronous Lorentz group. 

Then, ■0h„ ) ~ C^w , i'^^, ), if and only if, 

^- ^u'-^ ^^-^u^^. (3) 

In what follows we choose {7^} as the fiducial 
coframe and put = ^Z^. As it is now well-known 
Dirac equation in our formalism is represented by the 
so-called Dirac-Hcstenes equation which reads: 

aV'7^71 - toV'7° = 0, (4) 

where m is the rest mass of the Dirac particle and 

d-.^rn,^, (5) 

is the Dirac operator acting on section of secC^(A/, g). 
Moreover, for an arbitrary Clifford field C G 
sec C£{M, g) we have 

dC = dA C+djC = dC- SC, (6) 

^The symbol u in Hu denotes an element of Spin^ 3. The 
space of spinorial frames can be thought as an extension 
of the space B of orthonormal vector frames of T*M , where 
even if two vector frames have the same ordered vectors, they 
are considered distinct if the spatial axes of one vector frame 
is rotated by an odd number of 2tt rotations relative to the 
other vector frame and are considered the same if the spatial 
axes of one vector frame is rotated by an even number of 2tt 
rotations relative to the other frame. Even if this construction 
seems to be impossible at first sight, Aharonov and Susskind 2, 
warrants that it can be implemented physically. More details 
may be found in [34l[24ll35] . 



where d ^ d A is the differential operator and S = 
—d_i is the Hodge codifferential. 

Now, the algebraic constraint defining a Weyl 
spinor field (denoted by T±€sec{f\°T*M +f\^T*M+ 
/\^T*M) ^ secC£{M, g)) from a given Dirac spinor 
field ^ is: 

•7^± = 2 (■^T 75^721), (7) 

and they are "eigenvectors" of the chirality operator 
75, i-e., 

75J"± ±^■±721. (8) 

Moreover, observe that Weyl spinor fields satisfy the 
important relatior0 

f±T± = T±T± = 0. (9) 

We recall moreover that in the Clifford bundle for- 
malism the parity operator P |^ is represented in 
such a way that for Dirac-Hestenes spinor field ip just 
defined above we have 

P^(t,x) = -7o^(i,-x)7o. (10) 

The following Dirac-Hestenes spinor fields are 
eigenstates of the parity operator with eigenvalues 
±1: 

Having saying that the Weyl equation describing a 
massless neutrino (J- = J- + ) field is 

dT = 0. (12) 

Given, A,B e sec /\^T*M ^ secC£{M,g) we 
define a generalized potential [30] for the Dirac- 
Hestenes spinor field, 

A ^ {A+-/5B)esec{f\T* M+/\^T* M) ^ secC£{M,g), 

(13) 

such that 

xl: = dA (14) 

^The symbol denotes the reverse operator. If Ar G 

r(r-l) 

sec /\''T*M ^ secCe{M,g) we have that Ar = (-1) — 2 — A^. 
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For the Weyl field T± we have 
where = A± + 75i?± with 



(15) 



(16) 

Since dJ-± = we have that 



0, UB'^ = 0. 



(17) 



2.1 Energy-Momentum Tensor of the 
Weyl Field 

Now, the adjundU of the energy-momentum 1-form 
fields Tl esec{f\^T*M + f\^T*M) ^ secC£{M,g) 
of the Weyl field is given by (see, e.g.. Chapter 7 of 

my- 

THj^)=Tl = {d,T-f,-fao^),, (18) 

and it not symmetrical (in general). The density of 
energy of the Weyl field is then given by 

• 70 = Too (19) 

and the energy of a Weyl field configuration J- is 

S ^ jToodx^dx^dx^. (20) 



of those solutions represent the description of some 
real phenomenon carrying information it would be 
possible to send information to the past (see a dis- 
cussion of that issue in [33]). Thus, if all Lorentz 
deformed solutions are realized as physical phenom- 
ena in any given inertial reference frame then we must 
arrive at the conclusion that we have a breakdown of 
the Principle of Relativity and identification of a pre- 
ferred inertial frame in our universe which gives the 
natural time order of events. In the preferred frame 
all Lorentz deformed solutions always correspond to 
possible phenomena. 

In this section we recall two very simple superlu- 
minal solutions of the scalar wave equation, which 
may be used almost immediately (as we shall see) 
to build superluminal solutions for Weyl equation. 
The energy of the simple solutions as calculated us- 
ing Eq. (13(11) is infinite, as it is the case of the energy of 
all plane wave solutions of all relativistic wave equa- 
tions. However, we think that a quantum mechanic 
interpretation for that extraordinary solutions may 
be given associating the energy and momentum of a 
giving wave carrying one neutrino through the dis- 
persion relation of the solution using the well-known 
formulas, £ — hw and \p\ = hk. 



3.1 Subluminal and Superluminal 
3 Superluminal Solutions of Spherical Bessel Beams 

the Weyl Equation 



Consider the homogeneous wave equation (HWE) 



It is now well known [211 135) that all relativistic wave 
equations have boundary free solutions with arbitrary 
speeds < v < oo. The set of such solutions has 
three disjoint classes, the subluminal, luminal and 
superluminal ones. Each solution within one of the 
classes may be transformed in other one within the 
same class to which it belongs by the action of the 
Lorentz group. However, not all solutions within the 
superluminal class can be realized in nature accord- 
ing to the Principle of Relativity as a physical phe- 
nomenon in an arbitrary inertial frame, for if one 



g<l>-V^cI>^0 



(21) 



We now present some subluminal and superluminal 
solutions of Eq.(|21|) called subluminal and superlu- 
minal spherical Bessel Beam^. To introduce these 
beams we define the variables 

U = [^'+y'+ll{z-v^tf]'^'; (22) 

1 9,9 „9 (icj<^ 



7< 



*The adjunct of an extensor field E : f\^T* M -i> 

sec/\^r*M is the extensor field Et : sec /\^T*M -i> 

sec f\^T*M such that for all Tl, m € sec we have: 
_Et(n) ■ m = n ■ E{m). 



dk 



(23) 



< 



^Historical details about the discovery of these solutions 
and other non referenced statements below may be found in 

EH. 
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211/2 



(24) 



is a natural adapted coordinate chart to the inertial 
reference frame b'q = d/dt' , 



7> 



Vy = dujy I dk^ 



(25) 

We can now easily verify that the functions 
and below are respectively subluminal and su- 
perluminal solutions of the HWE (see how to obtain 
these solutions, e.g., in [31]). We have 

^jTit^x) = Qj,(f7p^p)F^(cos0)e™«e*("-*-'=-^) 

(26) 

where the index p —<, or >, Ci are constants, ji 
are the spherical Bessel functions, are the Leg- 
endre functions and (r, 0, ip) are the usual spher- 
ical coordinates. $^ [<i>{7'] has phase velocity 
{w<^/k^) < 1 [(w>/fc>) > 1] and the modulation 
function jei^<^<) [jei^>^>)] moves with group ve- 
locity v< [t;>], where < u< < 1 [1 < w> < cx)]. 
Both and have been called undistorted pro- 
gressive waves (UPWs). This term has been intro- 
duced by Courant and Hilbert; however they didn't 
suspect of UPWs moving with speeds greater than 
c — 1. For the simple applications that we have in 
mind we shall need the form of $2? and <i>9P, which 
we denote simply by $< and <&>: 



d/dt' = (1 - v%)-^/^d/dt + {v<I^Jl-vl)d/dz 

which is an inertial Lorentz frame moving with speed 
w< in the z direction relative to eo = d/dt, $p goes 
into ^o(t',x') given by Eq. pSp with t H> t' . x x' . 



3.2 Subluminal and Super luminal 
Bessel Beams 

The solutions that are necessary for the developments 
of the next section are solutions of the HWE, in 
cylindrical coordinates. Here we briefly recall how 
these solutions are obtained in order to present sub- 
luminal and more important, for what concern the 
objectives of this paper, superluminal solutions of 
Weyl equation. In what follows the cylindrical co- 
ordinate functions are denoted as usual by {p,0,z), 
p = (a;^ + y^)^/^, x — pcosd, y — psinO. We write 
for $: 

$(i,p,0,z) = /i(p)/2(0)/3(i,z). (30) 

Inserting Eq.llSOl) in Eq.dH]) gives 



sin(r^pgp) 



p =< or > 



(27) 



When w< = 0, we have $< — >■ <l>o, with 



r 

(28) 

When Vy — oo, ujy — and $2, -> $oo, with 



«'oo(i,x) = Co 



sinh p 

P 



:'f2>-, p= (a;2+y2)l/2 (29) 



dp"' 



fi+P^fi + {Lp^ -iy^)fi=0, 



dp 

f 
d6 



3^ + ^')/2=0, 



rf2 c)2 



(31a) 
(31b) 
(31c) 



In these equations L and v are separation con- 
stants. Since we want $ to be periodic in 9 we choose 
1/ = n an integer. For L we consider two cases: 

3.2.1 Subluminal Bessel Solution, i = > 



Remark 1 We observe that if our interpretation of 
phase and group velocities is correct, then there must 
be a Lorentz frame where $< is at rest. It is triv- 
ial to verify that in the coordinate chart {x'^) which 



In this case Eq. ((3T|) is a Bessel equation and we have 

$< it,p,0,z) = C„J„(pl}<)e*('=<^-'"<*+"^' n e N, 

(32) 
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where n S N and C„ is a constant, J„ is the n-th 
order Bessel function and 

Lo\-k\^^f^ . (33) 

The <i>j are eventually called in acoustical papers 
the nth-ovAev non-diffracting Bessel beams. 

Bessel beams are examples of UPWs. They are 
subluminal waves. Indeed, the group velocity for each 
wave is 

w< = duj^/dk^ , < w< < 1 , (34) 

but the phase velocity of the wave is (u;</fc<) > 1. 
That this interpretation is correct follows from an 
argument similar to the one just presented above for 
the case of the spherical beams. 

It is convenient for what follows to define the vari- 
able 77, called the axicon angle |31) , 

fc< = fc< cos 77 , 57< = A:< sin 77 , < ?/ < 7r/2 . 

(35) 

Then 

A?< = cj< > (36) 
and Eg. ([5^ can be rewritten as <I>^ = $j , with 

= C„J„(fc<psinr;)e*(^<^™'^''-'^<*+"^). (37) 

In this form the solution is sometimes known in 
acoustical papers as the n-th order non-diffracting 
portion of the axicon Beam. The phase velocity 
yPh _ i^QQgjj ig independent of /c<, but, of course, 
it is dependent on fc<. We shall show in Section 4 
that surprisingly as it may be. waves constructed 
from appropriated superpositions $j beams may be 
superluminal ! 

3.2.2 Superluminal (Modified) Bessel Solu- 
tion, B = -Vii, < 

In this case Eg. ([31]) is the modified Bessel equation 
and we denote the solutions by 

^>Jt,p,e,z) = CMnyp)e'^''>'-^>'+"'\ (38) 

with n G N and where Kn are the modified Bessel 
functions, C„ are constants and 

ujl-kl = -nl . (39) 



We see that $^ are also examples of UPWs, each 
of which has group velocity ?;> = c?a;> /dfc> such that 
1 < < 00 and phase velocity < (aj>/fc>) < 1. 
As in the case of the spherical Bessel beam [Eq. (P7|) ] 
we see again that our interpretation of phase and 
group velocities is correct. Indeed, for the super- 
luminal (modified) Bessel beam there is no inertial 
Lorentz frame where the wave is stationary. The so- 
lution will be denoted simply by in what 
follows. 

3.3 A Weyl Superluminal Solution 

Let us choose A' and B' such that Aq ^ Ar^ ~ B^ = 
B3 — 0. Moreover, let us choose A2 = tBi or Ai = 
±i?2. In this case we can write 

A'^ = Tm, = '^n, (40) 

where we have omitted the subscript ± on Tj- and m 
and n are constant 1-form fields such that m ■ n = 0. 
Then implies that 

□T = 0. (41) 

If we choose for T, e.g., either $^ or we imme- 
diately have that the corresponding Weyl field 

J-± = aT±(m-f 75?^) (42) 

is propagating at superluminal speed. 

Remark 2 What is really interesting in these so- 
lutions is that the dispersion relation simulates the 
propagation of a (tachyonic) massive neutrino. A fit- 
ting of the parameters for the two solutions that are 
compatible with the OPERA experiment and analo- 
gous ones may help to clarify the issue of incompatible 
square neutrino masses seem in different situations. 

Remark 3 It is important to recall that for the case 
of the Dirac-Hestenes equation, for non singular so- 
lutions, i.e., the ones such that ^d^'/j ^ 0, we can 
write ~ p^/^ exp(/37/2)i?, where p and (3 are 
scalar functions and \fx G M , R{x) G Spin^3. As 
a consequence the current is Jd — ^J^'^ = pv, and 
the vector field v = R'j'^R is obviously always time- 
like independently of d being a subluminal, lumi- 
nal or superluminal solution of the Dirac-Hestenes 
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equation. Thus in the de Broglie-Bohm interpreta- 
tion of quantum mechanics electrons even if the have 
associated a superluminal wave travels at suhluminal 
speed. For the case of a Weyl spinor field the current 
Jw = J-^'^T is always lightlike in view of Eq.® 
independently of T being a suhluminal, luminal or 
superluminal solution of the Weyl equation. Such ob- 
servations may lead one to believe that superluminal 
phenomena associated to neutrino propagation may 
be a kind of reshaping phenomenon like the ones that 
happens in electron or photon tunneling experiments 
[2ll[33l[28]. 

4 Solutions with Front Moving 
at Superluminal Speed 

In this section we present superluminal solutions of 
Weyl equation where the fronts of the waves move at 
superluminal speeds. To exhibit one such solution, in 
order to simplify the calculations we complexify Weyl 
equation, i.e., we take the components of T as sec- 
tions of C®Ci(M,g). Next we choose the potentials 
A and B as in the last section as 

= *m, B'j^ = -^n (43) 

where m and n are constant 1-form fields such that 
m • n = and is a solution of 

= 0, (44) 

but differently of the last section where we found 
boundary free solutions of the HWE (and thus 
boundary free solutions of Weyl equation), here we 
want to look for a solution of Eq. (j44)) which solves 
a Sommerfeld like problem, i.e., one satisfying at the 
z = Q plane the following boundary conditions (given 
in cylindrical coordinates): 

oo 

^(t,p,{))^T(t) J dojD{oj)jQ{ojpsim])e^"^\ 

— oo 

z=0 

OO 

— iT{t)cosr] J dLoD{uj) Jq{ujp sin 7]) k {to) e , 

— oo 

(45) 



where T(t) = [e(< + T) - e(t - T)] , 6 is the Heav- 
iside function, k{u}) — uj, and 77 is a constant called 
the axicon angle [H] and D{k) is an appropriate fre- 
quency distribution to be determined in order for £ 
to result finite. As showed in [35] a complex solution 
of Eq.lgll) (for z> Q,t>T) which satisfies the Som- 
merfeld conditions (Eqs. (l45l) ) is in polar coordinates 
given by 

^{t,p,z) =/_°°^d^i?(^)Jo(^psinry)e-'"(*-^^°^''\ 

for \t - z cos 77! < T, (46) 

*(i, p, z) = 0, for |t - zcos?7| > T. 

We call 'I' a superluminal X-pulse, its wave front ob- 
viously propagates with superluminal speed in the 
z-direction. 

A neutrino in this model has speed v = 1/ cos 77 
and the axicon angle may be found in order to fit the 
OPERA or analogous experiments. 

5 Chiral Invariance and the In- 
teraction of Neutrinos with 
the Electromagnetic Field. 

In this section we would like to call attention that 
eventually the propagation mode of neutrinos in 
Earth (and more generally in regions containing a 
electromagnetic field) are being wrongly evaluated. 
Such statement will become clear with the theory 
just presented below which suggests that Weyl equa- 
tion describes a pair of opposite magnetic charged 
sub-particles coupled together. Even if that effect is 
not appreciable for neutrinos travelling from Geneve 
to the Gran Sasso, it may be eventually important 
for neutrinos travelling in the medium of stars, and 
thus its consequences seems worth to be investigated, 
something that we defer to another publication. 

Since dF = we see that Weyl equation 
is invariant under constant duality transformations 
T ^ T' — exp(i?75)7^ where is a constant. More- 
over taking into account that T is eigenvector of the 
chirality operator fEa.([TT|)) we can write Weyl equa- 
tion as 

a^72i = 975^ = 0. (47) 
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Now, if we make a spacetime time dependent duality 
transformation T ^ = exp(/375)J^ where /3 is a 
smooth function on Af, we see that Weyl equation 
win be invariant only if we introduce a compensating 
potential field B G sec f\^T*M ^ secC£{M,g), i.e., 
we need to have the equation 

9^"+ + .975B J-+ - 0. (48) 

This equation as it is easily verified is invariant 
under the gauge transformations 

J'+ ^ T+eS-^"-^; B B + 961. (49) 

Also, the equation for coupled with an electro- 
magnetic potential B G aecf\^T*M ^ secC£{M,g) 
is 

dT- - gj^BT- = 0. (50) 
which is invariant under the gauge transformations 

F^e3^'-'^;B ^ B - de. (51) 

showing clearly that the fields J-j^ and J-- carry op- 
posite 'charges'. Consider now the Weyl field in in- 
teraction with the potential B and where the spinor 
fields (recall Eq. pTj) ) are eigenvectors of the 

parity operator (recall Eq.([TU])) and look for solutions 
of Eq. p8| such that T = J^, i.e., the equation 

9^^721 + .9B = 0. (52) 

This equation separates in two equations, 

9^;+g75BJ-| = 0; dJ^l - gj^BJ^l = 0, (53) 

showing that a Weyl spinor field that is an eigenvec- 
tor of the parity operator describes a pair of particles 
with opposite 'charges'. We interpret these particles 
(following Lochalo [IH]) as massless 'monopoles' of 
opposite magnetic charges interacting with an elec- 
tromagnetic field. 

After this discoursing we may suggest that when 
propagating from Geneve to the Gran Sasso the neu- 
trinos are interacting with the Earth's electromag- 
netic field which may cause some effect on their prop- 
agation (eventually tunneling of its wave packet). 

^•^Lochak suggested that an equation equivalent to Ea. ll52ll 
describe massless monopoles of opposite 'charges'. 



Even if that effect be very small in that case it may be 
important when neutrinos travel in the strong elec- 
tromagnetic field of stars. So, our suggestion seems 
in principle worth to be investigated, something we 
defer to another publication. 

6 Conclusions 

The superluminal solutions that we exhibit above 
may be eventually useful for describing a neutrino 
flying from Geneve to the Gran Sasso in the Opera 
experiment [1 supposing the data is indeed reliable. 
In our model it has speed v — 1/ cos 77 and the axicon 
angle may be discovered in order to fit data of the 
experiment. It goes without saying that the eventual 
existence of finite energy superluminal solutions of 
Weyl equations implies in a breakdown of the Prin- 
ciple of Relativity thus selecting one preferred ref- 
erence frame P € sec TM (P • P = 1). We may 
conjecture that this preferred frame is to be identi- 
fied with the timelike component g{T'^, ) of the fidu- 
cial vector coframe {F^} associated with the spinorial 
frame S„q mentioned in the introduction. However 
before claiming that we indeed observed a breakdown 
of Lorentz invariance it is necessary to investigate 
more carefully if one can find an explanation consis- 
tent with the Principle of Relativity, i.e., if we can 
explain the results of the OPERA experiment as a 
kind of pulse reshaping where, as in the electromag- 
netic case (recall footnote 3), the group velocity may 
be superluminal (but where the front velocity of the 
neutrino wave is always the usual light velocity), or 
even if the result of that experiment is simply due 
to a superluminal group velocity resulting from neu- 
trino oscillations, something that can be obtained, 
e.g., by making the potentials A± and B± in Eq. pTl) 
to satisfy wave equations with dispersion relations 
with different masse Finally we recall that in the 
last section it was shown that Weyl equation may be 
thought as describing the propagation of a pair of op- 
posite magnetic charg^H neutrinos that may interact 
with an external electromagnetic field. Thus the elec- 
tromagnetic field of the Earth may have some influ- 

^^See also in this respect 1231 . 

^^Thus, eventually carrying a magnetic dipole moment 1121. 
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ence on the propagation of neutrinos, and although 
the effect may be negUgible for the case of Earth's 
electromagnetic field it may be eventually worth to 
investigate that interaction for the case of neutri- 
nos emitted from stars, which are submitted to very 
strong electromagnetic fields. 

At least, we mention that once the preferred frame 
is identified, it is a good idea for observers in all in- 
ertial frames use as time coordinate the time coor- 
dinate defined in the preferred frame. With the use 
of this time there are no causality paradox, all sig- 
nals propagates only to the future as defined by the 
preferred time. We also mention that the transforma- 
tions relating the spacetime coordinates of two differ- 
ent inertial frames moving relative to each other (and 
relative to the preferred frame) realize a nonstandard 
realization of the Lorentz group. This issue has been 
discussed in [22l [35] . 
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